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Abstract: Introduction of nonnative salmonids into fishless aquatic ecosystems often can have negative effects on
these ecosystems. Amphibians appear to be particularly susceptible to the introduction of trout. Nonnative Rain-
bow Trout (Oncorhynchus mykiss) have been introduced to Mexico, including to streams in the mountains around
Mexico City that are home to several endemic Mexican amphibians. We examined the effect of Rainbow Trout on
the distributions of 2 endemic Mexican amphibians, Ambystoma altamirani and Hyla plicata, in the Sierra de Las
Cruces. Ambystoma altamirani was never found at sites with Rainbow Trout, and H. plicata was observed only
once at sites with Rainbow Trout. Stream site characteristics, for the most part, did not vary among streams oc-
cupied by different species, suggesting environmental variables were not primarily responsible for the species dis-
tributions. Our results provide strong circumstantial evidence that the introduction of Rainbow Trout in streams
in the Sierra de Las Cruces has a negative effect on the distribution of native Mexican amphibians.
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The introduction of nonnative salmonids, such as Rainbow
Trout (Oncorhynchus mykiss), into fishless aquatic ecosys-
tems can havemyriad effects on the native aquatic commu-
nity and often causes decline of at least some of the native
species in these communities (Cambray 2003, Dunham
et al. 2004, Crawford and Muir 2008). Introduced Rainbow
Trout can alter the community composition or biomass of
benthic invertebrates (Shelton et al. 2015a, 2016, Vimos
et al. 2015), native fish (Shelton et al. 2015b, Turek et al.
2015, 2016), zooplankton (MacLennan et al. 2015, Loewen
and Vinebrooke 2016), and periphyton and algae (Nyström
et al. 2001, Buria et al. 2010, Shelton et al. 2015a, Vimos et al.
2015). Introduced trout can even affect terrestrial taxa, such
as birds (Ortubay et al. 2006, Epanchin et al. 2010).
Amphibians are particularly susceptible to the negative
effects of the presence of fish (e.g., Hecnar and M’Closkey
1997, Smith et al. 1999, Holbrook and Dorn 2016). In par-
ticular, the introduction of trout can decrease the abun-
dance or occupancy of species of salamanders and frogs
in the northern USA and Canada (Tyler et al. 1998, Mat-
thews et al. 2001, Pilliod and Peterson 2001, Knapp 2005,
Welsh et al. 2006, McGarvie Hirner and Cox 2007, Pearson
and Goater 2008, Pilliod et al. 2010). Introduction of trout
also has been associated with population declines of frogs
in Australia (Gillespie and Hines 1999, Gillespie 2001) and
South Africa (Karssing et al. 2012). These negative effects
are thought to be primarily a consequence of predation by
RainbowTrout on the amphibians. RainbowTrout will con-
sume salamanders (Pearson and Goater 2009) and tadpoles
of various species of anurans (Gillespie 2001). However,
some species of anurans, particularly those thought to be
unpalatable, are not affected or are positively affected by
trout introductions (e.g., Anaxyrus boreas, Welsh et al. 2006,
McGarvie Hirner and Cox 2007; Taricha granulosa, Welsh
et al. 2006; but see Lanier et al. 2017). In addition to direct
effects as predators, Rainbow Trout introductions can help
spread emerging amphibian diseases, such as amphibian
iridovirus (Jancovich et al. 2005) and the pathogenic oomy-
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cete Saprolegnia ferax (Kiesecker et al. 2001), and could
thus contribute to changes in amphibian distributions by
serving as vectors of decline-inducing disease agents.
Despite well-documented negative effects of introduc-
ing nonnative trout into previously fishless habitats, nonna-
tive Rainbow Trout have been introduced to Mexico for
aquaculture (Hendrickson et al. 2002, Escalante et al. 2014,
Sosa-Villalobos et al. 2016), including in mountain streams
nearMexico City (López-García et al. 2014). Use of Rainbow
Trout aquaculture has been suggested as a way to conserve
native forests, such as the Monarch Butterfly Biosphere Re-
serve, because trout farms benefit from the retention or
expansion of forest cover (López-García et al. 2014). In addi-
tion to intentional introduction, trout that escape from im-
poundments can affect natural waterways (Consuegra et al.
2011, Mercado Silva et al. 2012, Sepúlveda et al. 2013).
The streams in the mountains of central Mexico are
home to several species of endemic Mexican Ambystoma
species, many of which are endangered or critically endan-
gered (Frías-Alvarez et al. 2010, Wilson et al. 2013), and
other amphibians. Ambystoma altamirani is a salamander
endemic to Mexico, and is listed as Endangered globally
(IUCN 2015) and Threatened by the Mexican government
(SEMARNAT 2010). Frías-Alvarez et al. (2010) list alien
species, overexploitation, landuse change, pollution, and
emerging infectious diseases as conservation threats for A.
altamirani. Hyla plicata is a frog endemic to Mexico and
is classified as a species of Least Concern globally (IUCN
2015), but considered Threatened by the Mexican govern-
ment (SEMARNAT 2010). The conservation threats to
H. plicata were listed as “Lack of Information” by Frías-
Alvarez et al. (2010).
We investigated the effects of introduced RainbowTrout
on the distribution of H. plicata and A. altamirani in the
Sierra de Las Cruces. In particular, we were interested in
knowing whether: 1) A. altamirani and H. plicata were
found at the same stream sites asO. mykiss, 2) stream char-
acteristics (i.e., width and depth, mud depth, and vegetation
complexity) differed between sites with and without each
taxon, and 3) the 3 species differed in their use of stream
sites with different stream characteristics. Our goal was to
better understand whether and how O. mykissmight affect
the distributions of A. altamirani and H. plicata in the
streams of Sierra de LasCruces that are used for trout farms.
METHODS
Study species
Ambystoma altamirani is distributed in the central part
of the Transvolcanic Belt of Mexico in the Distrito Federal,
state of México, and Morelos. Its altitudinal distribution
ranges from 2450 to 3487 m asl. It is found in small streams
surrounded by pine and fir forests and grasslands of Festuca
spp., Stipa spp., andMühlenbergia spp. Breeding potentially
takes place throughout the year (Campbell and Simmons
1962, Brandon and Altig 1973), with larvae taking 6 mo
(Brandon and Altig 1973) to ≥1 y to metamorphose. Meta-
morphosed individuals stay in or near the aquatic habitat
(Lemos-Espinal et al. 2016b). In the Arroyo Los Axolotes,
a trout-free stream in the Sierra de Las Cruces, A. altami-
rani were found in all months of the year except December
and January, with eggs laid in June (Lemos-Espinal et al.
2016b). Their diet consists primarily of ostracods and gas-
tropods (Lemos-Espinal et al. 2015).
Hyla plicata is distributed along the edge of the Trans-
volcanic Belt in central Mexico, and in scattered localities
of the Sierra Madre Oriental in Hidalgo, Puebla, and Vera-
cruz. It inhabits humid pine and fir forests, where it is found
in open meadows and slow meandering streams at eleva-
tions from 2400 to 3600 m asl. Adults of this species arrive
at the trout-free Arroyo Los Axolotes in the Sierra de Las
Cruces in March with egg laying taking place in June, tad-
poles present in July and August, and metamorphs present
in September and October (Lemos-Espinal et al. 2016a).
Hyla plicata were not observed in the Arroyo Los Axolotes
from November to February (Lemos-Espinal et al. 2016a).
No studies on the diet of the adults of this species have been
published, but it probably consists of insects (Lemos-Espinal
and Dixon 2016).
Study area
The Sierra de LasCruces is in the eastern part of theNeo-
volcanic Axis (lat 187590–197430 N, long 997000–997400W)
and forms the boundary between the México (2220 m asl)
and Toluca (2400 m asl) basins. It is 110 km long and
47 kmwide at its northern part and 27 kmwide at its south-
ern part. Our study took place in the northwestern portion
of the Sierra de Las Cruces (Fig. 1). We examined several
streams along the following sections of road: San Luis
Ayucán/Barrio Las Manzanas to Llano Las Navajas, Llano
Las Navajas to Villa del Carbón, Llano Las Navajas to Cen-
tro Ceremonial Otomi, and Villa del Carbón to Cahuacán.
These 4 sections are arranged in a U along highwayMéxico
3, from Barrio Las Manzanas to Cahuacán, all with an alti-
tude >2400 m. Along these roads are extensive grasslands
of Bouteloua spp., Festuca spp., Mühlenbergia spp., and
Stipa spp., surrounded by woods of Abies religiosa, Pinus
hartwegii, Pinusmontezumae, andQuercus spp. These grass-
lands and forests are crossed by a considerable number of
streams formed by runoff from the higher elevations of the
Sierra de Las Cruces. All of the studied streams are perma-
nent and range from 1st- to 4th-order (although most are
3rd- and 4th-order).
The trout farms in the Sierra de Las Cruces are small-
scale operations. The farms consist of pools ~3  3  1 m
deep that are dug by the farmers. Farms receive trout
(O.mykiss) for free from the government based on the num-
ber of pools created. The government teaches farmers how
to produce their own fish, but exerts no subsequent over-
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sight of the trout farms. Typically, the pools are 3 to 5 m
from the stream and receive flowing water from the stream
through a channel dug between the stream and the pool. To
allow the needed flow of water, an exit channel is dug from
the pool back to the stream. All trout farms have barriers
to prevent fish migration upstream. The barrier consists
of metal screening placed in the channels to and from the
stream. However, these barriers do not appear to be very
effective, and many trout escape from farm pools into the
stream, especially during the rainy season when it is easier
for the trout to jump over the barriers. Given the ubiquity
of trout farms along these streams and the apparent ease
of escape, all sites along these streams are probably equally
likely to contain trout.
Fieldwork
We visited the study area monthly from October 2015
to October 2016. During each visit, we walked up to 1 km
along a stream and randomly selected up to 10 sites along
the stream depending on its length (n 5 13 streams; total
number of sites surveyed 5 66). Each site was 100 m from
the previous site. All sites in a stream were connected by
flowing water. We visited each stream only once during
the study period in an effort to sample all available streams
in the study area. Each randomly selected site was a 5-m-
long stretch of the stream. At each site, we recorded the
presence of individuals (larvae or adults) or egg masses of
A. altamirani and H. plicata and the presence of Rainbow
Trout. At other locations in the Sierra de Las Cruces (see
above), A. altamirani and H. plicata are found in most
months of the year (Lemos-Espinal et al. 2016a, b).
Our study design does not allow us to explicitly estimate
detectability of each species because we visited each site
only once during the study (Mazerolle et al. 2007). Thus,
our results might be subject to biases if detectabilities of
the different species varied or if the detectability of a species
depended on the presence (or absence) of another species
(see Mazerolle et al. 2007 and Guimarães et al. 2014 for a
discussion of these issues). As a point of reference, previous
investigators have estimated detection probabilities rang-
ing from 0.459 to 0.89 for pond and wetland Ambystoma
Figure 1. Map of study area in the Sierra de Las Cruces, México with locations of the sites containing Ambystoma altamirani, Hyla
plicata, and Oncorhynchus mykiss.
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(Corn et al. 2005, Hossack and Corn 2007, Gorman et al.
2009, Peterman et al. 2013), from 0.39 to 0.96 for stream-
dwelling, nonambystomatid salamanders (Jung et al. 2005,
Kroll et al. 2010), and from 0.14 to 0.94 for hylid frogs (Pellet
and Schmidt 2005, Smith et al. 2006, Gómez-Rodríguez
et al. 2010, DiRenzo et al. 2017). However, the characteris-
tics of our study system give us confidence that we were
able to detect each species effectively and that detectability
of any species was unlikely to be affected by the presence
of other species.
We carefully searched the stream section visually and by
using a snake hook along the bottom of the stream and in
depressions in the side of the stream to induce movement
by any organisms, thereby making them obvious. These
3 species are easy to detect during most of the year and
the probability of detecting them might be regarded as the
same for the 10 mo in which the water flow is low. These
streams are generally <1 m deep with very clear, slow mov-
ing water with good visibility. Oncorhynchus mykiss and
adultH. plicata are easy to detect because of their size. Tad-
poles of H. plicata and larval and adult A. altamirani are
harder to detect because their body color tends to be close
to the substrate color. However, because we searched rela-
tively small stream sites physically and visually, hidden indi-
viduals probably moved making them easy to detect. Eggs
of H. plicata and A. altamirani are conspicuous and easy
to detect. However, heavy summer storms in the area (June,
July, August) can decrease detectability of individuals of
these species. During all surveys, we were careful to spend
substantial time searching each site to avoid missing indi-
viduals in the stream. We also looked under all rocks or
other objects in the stream section. We are confident that
our use of thesemethods to search every site thoroughly en-
abled us to detect any amphibians or fish at each site.
At each site, we measured the width and depth of the
stream and the depth ofmud at the site.We classified aquatic
vegetation based on the following complexity categories:
none 5 no aquatic vegetation of any kind observed at site;
low complexity 5 simple, low aquatic vegetation, such as
moss or algae present; medium complexity5 aquatic vege-
tation with some vertical structure, such as grasses or ferns,
present; high complexity 5 more complex structure in the
form of fallen tree trunks or branches present in addition
to components of other categories.
Data analysis
For A. altamirani and H. plicata, we used separate v2
tests to compare the number of sites with and without each
species in the presence and absence of Rainbow Trout. We
used nonparametric Mann–Whitney U tests to compare
stream width, stream depth, and mud depth between sites
with and without each species because of violations of the
assumptions of normality for ANOVA. Stream depth and
stream width were significantly correlated (r 5 0.39, p 5
0.0011), but no other correlations among the independent
variables were significant (p > 0.05 in all cases). We used
Fisher’s Exact Tests to compare vegetation complexity of
sites used by each species to sites without those species.
ForA. altamirani andH. plicata, we repeated these analyses
based on only sites without O. mykiss. We used Kruskal–
Wallis tests to compare stream width and depth and mud
depth among species. We used Fisher’s Exact Tests to com-
pare vegetation complexity among species. All statistical
analyses were conducted using JMP (version 12.0; SAS In-
stitute, Cary, North Carolina). Means are given ±SE.
RESULTS
Ambystoma altamirani
We found no A. altamirani at sites that had Rainbow
Trout, but we found A. altamirani in nearly 45% of sites
without Rainbow Trout (v21 5 12.11, p 5 0.0005; Fig. 2A).
Sites with A. altamirani were narrower than sites without
Figure 2. Number of sites with and without Rainbow Trout
(Oncorhynchus mykiss) that have Ambystoma altamirani (A) and
Hyla plicata (B) present or absent.
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A. altamirani (U15 –2.21, p5 0.03; Table 1). Sites with and
without A. altamirani did not differ in depth (U1 5 –0.85,
p5 0.39; Table 1) or depth of mud (U15 1.23, p5 0.22; Ta-
ble 1). Sites with and without A. altamirani did not differ
in vegetation complexity (Fisher’s Exact Test: p 5 0.55; Ta-
ble 2).
Whenwe considered only siteswithoutO.mykiss, stream
sites with A. altamirani were narrower (121.2 ± 14.8 cm,
n 5 17) than sites without (222.0 ± 31.4 cm, n 5 30) (U1 5
–2.03, p 5 0.042). Sites with and without A. altamirani did
not differ in stream depth (75.5 ± 14.6 cm, n 5 17 vs 74.3 ±
10.4 cm, n 5 30; U1 5 –0.14, p 5 0.88) or mud depth (8.9 ±
1.4 cm vs 10.1 ± 1.8 cm, n5 30; U15 0.067, p5 0.95). Veg-
etation complexity did not differ between sites with and
without A. altamirani for sites without O. mykiss (Fisher’s
Exact Test, p5 0.65). Fifteen sites withoutO.mykiss had only
A. altamirani and 2 had both A. altamirani and H. plicata.
Hyla plicata
We found H. plicata at only 1 of 19 sites with O. mykiss,
whereas we found H. plicata at 34% of sites without O.
mykiss (v21 5 5.62, p 5 0.018; Fig. 2B). Stream width (U1 5
0.50, p5 0.62), depth (U15 –1.11, p5 0.26), and vegetation
complexity (Fisher’s Exact Test: p5 0.13) Tables 1, 2) did not
differ between sites with and without H. plicata. Sites with
H. plicata had deeper mud than sites without H. plicata
(U1 5 3.20, p 5 0.0014; Table 1).
At sites withoutO.mykiss, streamwidth (243.2 ± 72.9 cm,
n 5 11 vs 167.9 ± 17.7 cm, n 5 36; U1 5 0.16, p 5 0.87),
depth (60.7 ± 18.3, n 5 11 vs 79.0 ± 9.5 cm, n 5 36; U1 5
–1.08, p 5 0.28), and vegetation complexity (Fisher’s Exact
Test: p5 0.18) did not differ between sites with and without
H. plicata. Sites with H. plicata (15.6 ± 3.0 cm, n 5 11) had
deeper mud than sites without H. plicata (7.8 ± 1.2 cm, n5
36) (U15 2.43, p5 0.015). Eleven siteswithoutO.mykisshad
onlyH. plicata and 2 had bothH. plicata and A. altamirani.
Oncorhynchus mykiss
Sites with or without O. mykiss did not differ in width
(U1 5 0.37, p 5 0.71; Table 1) or vegetation complexity
(Fisher’s Exact Test: p5 0.39; Table 2). Sites withO. mykiss
were deeper than sites without O. mykiss (U1 5 2.08, p 5
0.037), whereas sites without O. mykiss had deeper mud
than sites withO. mykiss (U15 –2.32, p5 0.020) (Table 1).
Species comparisons
Mean stream width (H2 5 3.28, p 5 0.19; Table 1),
depth (H2 5 4.28, p 5 0.12; Table 1), and vegetation com-
plexity (Fisher’s Exact Test: p 5 0.11; Table 2) did not dif-
fer among sites with respect to occurrence of the 3 species.
Mud depth was greater at sites whereH. plicatawere found
compared to sites where A. altamirani and O. mykiss oc-
curred (H2 5 12.34, p 5 0.0021; Table 1).
DISCUSSION
In the streams in the Sierra de Las Cruces, A. altamirani
never occurred at sites with O. mykiss, and H. plicata were
observed only once at sites with O. mykiss. These observa-
tions suggest a strong negative association between nonna-
tiveO. mykiss and A. altamirani andH. plicata. Our obser-
vations concur with those of previous investigators who
found that the presence or introduction of trout reduces
or eliminates populations of native Ambystoma (Tyler et al.
1998, Pilliod and Peterson 2001, Welsh et al. 2006, Pearson
and Goater 2008, Pilliod et al. 2010). Other investigators
have demonstrated that introduced trout reduce or elimi-
nate populations of hylids (Matthews et al. 2001, Knapp
2005, Welsh et al. 2006).
Stream site characteristics overlapped among sites and
did not vary significantly among the 3 species (except mud
depth) suggesting that these environmental variables were
not primarily responsible for the distributions of each spe-
cies. In addition, when we repeated our analyses for A. alta-
mirani andH. plicata including only sites withoutO.mykiss,
we found no change in the results compared to when we
included all sites. This set of results suggests that the pattern
of distributions probably reflects the presence or absence of
O. mykiss, not the distribution of stream characteristics.
However,O.mykisswere found at deeper sites, a finding sug-
gesting that amphibians may be able to find refuge in shal-
Table 1. Mean (±SE) stream characteristics of sites with and without Ambystoma altamirani, Hyla plicata, and Rainbow
Trout (Oncorhynchus mykiss) in the Sierra de Las Cruces, Mexico. Number of sites where each taxon was present or
absent is given in parentheses. Total number of sites surveyed 5 66. * indicates a significant difference between sites with
and without that taxon.
Species Presence/absence Stream width (cm) Stream depth (cm) Mud depth (cm)
A. altamirani Present (17) 121.2 ± 14.8* 75.5 ± 14.6 8.9 ± 1.4
Absent (49) 204.8 ± 21.5 90.1 ± 9.7 9.1 ± 1.7
H. plicata Present (12) 247.9 ± 66.7 72.1 ± 20.2 18.3 ± 3.8*
Absent (54) 168.9 ± 14.3 89.5 ± 8.9 7.0 ± 1.2
O. mykiss Present (19) 177.6 ± 24.6 115.1 ± 17.8* 7.6 ± 3.5*
Absent (47) 185.5 ± 21.8 74.7 ± 8.4 9.6 ± 1.2
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lower sites. We found no significant differences in the depth
of sites where the amphibians were and were not found, but
bothA. altamirani andH. plicata tended to occupy sites that
were shallower than unoccupied sites. Of particular concern
is that Rainbow Trout were found in sites in all vegetation
complexity categories. Vegetative complexitymight increase
the ability of amphibians to coexist with trout. For example,
Ambystoma macrodactylum were found in the more vege-
tated areas of lakes with trout (Oncorhynchus spp.), and the
chance of detecting salamanders in lakes with trout was
greater at sites with more vegetation (Kenison et al. 2016).
Nevertheless, we did not observe coexistence of Rainbow
Trout and A. altamirani in any stream site, regardless of
vegetative complexity.
In our study,A. altamirani andH. plicata rarely occurred
together in the same sites. Similarly, in the Arroyo Los
Axolotes, a trout-free stream in the Sierra de Las Cruces,
H. plicata and A. altamirani occurred in the same stream
sites less frequently than expected by chance (Lemos-Espinal
et al. 2016a). The cause of these patterns is not clear, and fur-
ther work is necessary to determine whether it arises from
competition, predation, or some other factor.
Our results for A. altamirani suggest that stream width
might be associated with their distribution in streams. Lemos-
Espinal et al. (2016b) found they tended to be in highly oxy-
genated, large, and deep stream sites with fast moving water
in a previous study of the natural history of A. altamirani
from the Arroyo Los Axolotes, a trout-free stream in the
Sierra deLasCruces. Individuals alsowere found in siteswith
grassy vegetation and mud and sandy substrates (Lemos-
Espinal et al. 2016b). The depth of the mud in a stream site
was important for H. plicata. In the trout-free Arroyo Los
Axolotes,H. plicata tended to be found in stream sites with
more water (deeper and wider), high dissolved O2 levels,
and slow water speeds (Lemos-Espinal et al. 2016a). The
presence of vegetation and the type of substrate did not
appear to affect the distribution of H. plicata in the stream
(Lemos-Espinal et al. 2016a). Thus, stream characteristics
are important in the distribution ofA. altamirani andH. pli-
cata, but the presence ofO.mykiss probably limits the num-
ber of sites these amphibians can successfully choose.
In conclusion, our results provide circumstantial evidence
that the establishment of Rainbow Trout farms in and near
streams in the Sierra de Las Cruces might negatively af-
fect the distribution of native amphibians in these streams.
Given the conservation status of A. altamirani and H. pli-
cata, consideration needs to be given to mitigating the
negative effects of Rainbow Trout introductions in these
streams.Trout farmshavebeen encouragedbyMexican gov-
ernmental agencies and recommended as a potential con-
servation tool for native forests (López-García et al. 2014,
Sosa-Villalobos et al. 2016), so the best strategies may in-
clude isolating trout farms from streams containing native
amphibians, increasing efforts to prevent escapes of fish from
trout farms, and attempting to eradicate populations of es-
caped trout from streams, thereby balancing the economic
and conservation value of trout farms with their potential
negative effects on native amphibians.
ACKNOWLEDGEMENTS
Author contributions: ABE, GRS, JLE, GAW, and RMA de-
signed the study, ABE and JLE collected the data, ABE, GRS, and
JLE analyzed the data, and GRS, ABE, and JLE wrote the manu-
script with help from GAW and RMA.
Support for this study was provided by Dirección General de
Asuntos del Personal Académico – Programa de Apoyo a Proyec-
tos de Investigación e Innovación Tecnológica (DGAPA-PAPIIT),
through the Project IN215418, and by Programa de Apoyo a los
Profesores de Carrera (PAPCA) of FES-Iztacala UNAM through
the Project assigned to RMA: “Historia Natural y Demografía del
Ajolote de Arroyo de Montaña (Ambystoma altamirani) en Sierra
de Las Cruces, México.” This work complied with all laws and reg-
ulations in place in Mexico at the time the study was carried out.
We thank 2 anonymous referees for their very helpful comments
on an earlier version of this manuscript.
LITERATURE CITED
Brandon, R. A., and R. G. Altig. 1973. Eggs and small larvae of the
species of Rhyacosiredon. Herpetologica 29:349–351.
Buria, L., R. Albariño, V. Díaz Villanueva, B. Modenutti, and
E. Balseiro. 2010. Does predation by the introduced Rainbow
Trout cascade down to detritus and algae in a forested small
stream in Patagonia? Hydrobiologia 651:161–172.
Cambray, J. A. 2003. The global impact of alien trout species: a
review; with reference to their impact in South Africa. African
Journal of Aquatic Science 28:61–67.
Campbell, H. W., and R. S. Simmons. 1962. Notes on eggs and
larvae of Rhyacosiredon altamirani (Dugès). Herpetologica 18:
131–133.
Table 2. Aquatic vegetation complexity at sites with Ambystoma altamirani,
Hyla plicata, and Rainbow Trout (Oncorhynchus mykiss), and sites with none
of the 3 species found. See Methods for definition of each category.
Vegetation complexity A. altamirani H. plicata O. mykiss None
None 0 0 1 2
Low complexity 7 4 12 9
Medium complexity 5 8 5 5
High complexity 5 1 2 5
394 | Trout effects on Mexican amphibians A. B. Estrella Zamora et al.
This content downloaded from 174.105.205.100 on May 16, 2018 12:56:31 PM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).
Consuegra, S., N. Phillips, G. Gajardo, and G. G. de Leaniz. 2011.
Winning the invasion roulette: escapes from fish farms increase
admixture and facilitate establishment of non-native Rainbow
Trout. Evolutionary Applications 4:660–671.
Corn, P. S., B. R. Hossack, E. Muths, D. A. Patla, C. R. Peterson,
and A. L. Gallant. 2005. Status of amphibians on the Conti-
nental Divide: surveys on a transect fromMontana toColorado,
USA. Alytes 22:85–94.
Crawford, S. S., and A. M. Muir. 2008. Global introductions of
salmon and trout in the genus Oncorhynchus: 1870–2007. Re-
views in Fish Biology and Fisheries 18:313–344.
DiRenzo, G. V., C. Che-Castaldo, A. Rugenski, R. Brenes, M. R.
Whiles, C. M. Pringle, S. S. Kilham, and K. R. Lips. 2017. Disas-
sembly of a tadpole community by a multi-host fungal patho-
gen with limited evidence of recovery. Ecological Applications
27:309–320.
Dunham, J. B., D. S. Pilliod, and M. K. Young. 2004. Assessing the
consequences of nonnative trout in headwater ecosystems in
western North America. Fisheries 29(6):18–26.
Epanchin, P. N., R. A. Knapp, and S. P. Lawler. 2010. Nonnative
trout impact an alpine-nesting bird by altering aquatic-insect
subsidies. Ecology 91:2406–2415.
Escalante,M. A., F. J. García-De-León, C. B. Dillman, A. de los San-
tos Camarillo, A. George, I. de los A. Barriga-Sosa, A. Ruíz-
Luna, R. L. Mayden, and S. Manel. 2014. Genetic introgression
of cultured rainbow trout in theMexican native trout complex.
Conservation Genetics 15:1063–1071.
Frías-Alvarez, P., J. J. Zúñiga-Vega, and O. Flores-Villela. 2010.
A general assessment of the conservation status and decline
trends of Mexican amphibians. Biodiversity and Conservation
19:3699–3742.
Gillespie, G., and H. Hines. 1999. Status of temperate riverine
frogs in south-eastern Australia. Pages 109–130 in A. Camp-
bell (editor). Declines and disappearances of Australian frogs.
Environment Australia, Canberra, Australia.
Gillespie, G. R. 2001. The role of introduced trout in the decline
of the spotted tree frog (Litoria spenceri) in south-eastern
Australia. Biological Conservation 100:187–198.
Gómez-Rodríguez, C., A. Guisan, C. Díaz-Paniagua, and J. Busta-
mante. 2010. Application of detection probabilities to the de-
sign of amphibian monitoring programs in temporary ponds.
Annales Zoologica Fennici 47:306–322.
Gorman, T. A., C. A. Haas, and D. C. Bishop. 2009. Factors related
to occupancy of breeding wetlands by flatwoods salamander
larvae. Wetlands 29:323–329.
Guimarães, M., P. F. Doherty, and R. Munguía-Steyer. 2014.
Strengthening population inference in herpetofaunal studies
by addressing detection probability. South American Journal
of Herpetology 9:1–8.
Hecnar, S. J., and R. T. M’Closkey. 1997. The effects of predatory
fish on amphibian species richness and distribution. Biological
Conservation 79:123–131.
Hendrickson, D. A., H. Espinosa Pérez, L. T. Findley, W. Forbes,
J. R. Tomelleri, R. L. Mayden, J. L. Nielsen, B. Jensen, G. Ruiz
Campos, A. Varela Romero, A. van der Heiden, F. Camarena,
and F. J. García de León. 2002. Mexican native trouts: a review
of their history and current systematic and conservation sta-
tus. Reviews in Fish Biology and Fisheries 12:273–316.
Holbrook, J. D., and N. J. Dorn. 2016. Fish reduce anuran abun-
dance and decrease herpetofaunal species richness in wet-
lands. Freshwater Biology 61:100–109.
Hossack, B. R., and P. S. Corn. 2007. Responses of pond-breeding
amphibians to wildfire: short-term patterns in occupancy and
colonization. Ecological Applications 17:1403–1410.
IUCN (International Union for Conservation and Nature). 2015.
IUCN Red List of threatened species. Version 2014.1. Interna-
tional Union for Conservation and Nature, Gland, Switzer-
land. (Available from: http://www.iucnredlist.org)
Jancovich, J. K., E. W. Davidson, N. Parameswaran, J. Mao, V. G.
Chinchar, J. P. Collins, B. L. Jacobs, and A. Storfer. 2005. Evi-
dence for emergence of an amphibian iridoviral disease because
of human-enhanced spread. Molecular Ecology 14:213–224.
Jung, R. E., J. A. Royle, J. R. Sauer, C. Addison, R. D. Rau, J. L.
Shirk, and J. C.Whissel. 2005. Estimation of stream salamander
(Plethodontidae, Desmognathinae and Plethodontinae) popu-
lations in Shenandoah National Park, Virginia, USA. Alytes 22:
72–94.
Karssing, R. J., N. A. Rivers-Moore, and K. Slater. 2012. Influence
of waterfalls on patterns of association between trout andNatal
cascade frog Hadromophryne natalensis tadpoles in two head-
water streams in the uKhahlamba Drakensberg Park World
Heritage Site, South Africa. African Journal of Aquatic Science
37:107–112.
Kenison, E. K., A. R. Litt, D. S. Pilliod, and T. E. McMahon. 2016.
Role of habitat complexity in predator–prey dynamics between
an introduced fish and larval long-toed salamanders (Amby-
stoma macrodactylum). Canadian Journal of Zoology 94:243–
249.
Kiesecker, J. M., A. R. Blaustein, and C. L. Miller. 2001. Transfer
of a pathogen from fish to amphibians. Conservation Biology
15:1064–1070.
Knapp, R. A. 2005. Effects of nonnative fish and habitat character-
istics on lentic herpetofauna in Yosemite National Park, USA.
Biological Conservation 121:265–279.
Kroll, A. J., J. G. MacCracken, T. C. McBride, J. Bakke, J. Light,
P. Peterson, and J. Bach. 2010. Basin-scale surveys of stream-
associated amphibians in intensively managed forests. Journal
of Wildlife Management 74:1580–1587.
Lanier, W. E., K. R. Bestgen, W. C. Funk, and L. L. Bailey. 2017.
Unpalatable, yet unprotected: trout reduce survival and devel-
opment rate of rare toad tadpoles despite chemical defense.
Canadian Journal of Fisheries and Aquatic Sciences 74:484–
502.
Lemos-Espinal, J. A., and J. R. Dixon. 2016. Anfibios y Reptiles de
Hidalgo/Amphibians and reptiles of Hidalgo. La Comisión Na-
cional para el Conocimiento y Uso de la Biodiversidad, De-
legación Tlalpan, Mexico.
Lemos-Espinal, J. A., G. R. Smith, Á. Hernández Ruíz, and R.Mon-
toya Ayala. 2016a. Natural history, phenology, and stream use
ofHyla plicata from the Arroyo Los Axolotes, State of México,
Mexico. Current Herpetology 35:8–13.
Lemos-Espinal, J. A., G. R. Smith, Á. Hernández Ruíz, and R.Mon-
toya Ayala. 2016b. Stream use and population characteristics of
the endangered salamander, Ambystoma altamirani, from the
Arroyo Los Axolotes, State of México, Mexico. Southwestern
Naturalist 61:28–32.
Lemos-Espinal, J. A., G. R. Smith, and G. A. Woolrich-Piña. 2015.
Diet of larval Ambystoma altamiranoi from Llano de los Axo-
lotes, Mexico. Current Herpetology 34:75–79.
Loewen, C. J. G., and R. D. Vinebrooke. 2016. Regional diversity
reverses the negative impacts of an alien predator in local
species-poor communities. Ecology 97:2740–2749.
Volume 37 June 2018 | 395
This content downloaded from 174.105.205.100 on May 16, 2018 12:56:31 PM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).
López-García, J., L. L. Manzo-Delgado, and I. Alcántara-Ayala.
2014. Rural aquaculture as a sustainable alternative for forest
conservation in the Monarch Butterfly Biosphere Reserve,
Mexico. Journal of Environmental Management 138:43–54.
MacLennan, M. M., C. Dings-Avery, and R. D. Vinebrooke. 2015.
Invasive trout increase the climatic sensitivity of zooplankton
communities in naturally fishless lakes. Freshwater Biology
60:1502–1513.
Matthews, K. R., K. L. Pope, H. K. Preisler, and R. A. Knapp. 2001.
Effects of nonnative trout on Pacific treefrogs (Hyla regilla) in
the Sierra Nevada. Copeia 2001:1130–1137.
Mazerolle, M. J., L. L. Bailey, W. L. Kendall, J. A. Royle, S. J. Con-
verse, and J. D. Nichols. 2007. Making great leaps forward: ac-
counting for detectability in herpetological field studies. Jour-
nal of Herpetology 41:672–689.
McGarvie Hirner, J. L., and S. P. Cox. 2007. Effects of rainbow
trout (Oncorhynchus mykiss) on amphibians in productive
recreational fishing lakes of British Columbia. Canadian Jour-
nal of Fisheries and Aquatic Sciences 64:1770–1780.
Mercado-Silva, N., J. Lyons, E. Díaz-Pardo, S. Navarrete, and
A. Gutiérrez-Hernández. 2012. Environmental factors associ-
ated with fish assemblage patterns in a high gradient river of
the Gulf of Mexico slope. Revista Mexicana de Biodiversidad
83:117–128.
Nyström, P., O. Svensson, B. Lardner, C. Brönmark, and W. Gra-
néli. 2001. The influence of multiple introduced predators on
a littoral pond community. Ecology 82:1023–1039.
Ortubay, S., V. Cussac, M. Battini, M. Reissig, J. Yoshioka, and
S. Fox. 2006. Is the decline of birds and amphibians in a steppe
lakeof northernPatagonia a consequence of limnological changes
following fish introduction? Aquatic Conservation 16:93–105.
Pearson, K. J., and C. P. Goater. 2008. Distribution of long-toed
salamanders and introduced trout in high- and low-elevation
wetlands in southwestern Alberta, Canada. Écoscience 15:453–
459.
Pearson, K. J., and C. P. Goater. 2009. Effects of predaceous and
nonpredaceous introduced fish on the survival, growth, and
antipredation behaviours of long-toed salamanders. Canadian
Journal of Zoology 87:948–955.
Pellet, J., and B. R. Schmidt. 2005. Monitoring distributions using
call surveys: estimating site occupancy, detection probabilities
and inferring absence. Biological Conservation 123:27–35.
Peterman, W. E., J. A. Crawford, and A. R. Kuhns. 2013. Using
species distribution and occupancy modeling to guide survey
efforts and assess species status. Journal for Nature Conserva-
tion 21:114–121.
Pilliod, D. S., B. R. Hossack, P. F. Bahls, E. L. Bull, P. S. Corn,
G. Hokit, B. A. Maxell, J. C. Munger, and A. Wyrick. 2010.
Non-native salmonids affect amphibian occupancy at multiple
spatial scales. Diversity and Distributions 16:959–974.
Pilliod, D. S., and C. R. Peterson. 2001. Local and landscape ef-
fects of introduced trout on amphibians in historically fishless
watersheds. Ecosystems 4:322–333.
SEMARNAT (Secretaria deMedioAmbiente yRecursosNaturales).
2010. Norma Oficial Mexicana NOM-059-SEMARNAT-2010.
Protección ambiental-Especies nativas de México de flora y
fauna silvestres-Categorías de riesgo y especificaciones para su
inclusión, exclusión o cambio. Lista de especies en riesgo. Diario
oficial. Secretaria de Medio Ambiente y Recursos Naturales,
Mexico City, Mexico. (Available from: http://www.profepa.gob
.mx/innovaportal/file/435/1/NOM_059_SEMARNAT_2010
.pdf)
Sepúlveda, M., I. Arismendi, D. Soto, F. Jara, and F. Farias. 2013.
Escaped farmed salmon and trout in Chile: incidence, impacts,
and the need for an ecosystem view. Aquaculture Environment
Interactions 4:273–283.
Shelton, J. M., M. J. Samways, and J. A. Day. 2015a. Non-native
Rainbow Trout change the structure of benthic communities
in headwater streams of the Cape Floristic Region, South Af-
rica. Hydrobiologia 745:1–15.
Shelton, J. M., M. J. Samways, and J. A. Day. 2015b. Predicting im-
pact of non-native Rainbow Trout on endemic fish populations
in headwater streams in the Cape Floristic Region of South Af-
rica. Biological Invasions 17:365–379.
Shelton, J. M., M. J. Samways, J. A. Day, and D. J. Woodford. 2016.
Are native cyprinids or introduced salmonids stronger regula-
tors of benthic invertebrates in SouthAfrican headwater streams?
Austral Ecology 41:633–643.
Smith, G. R., J. E. Rettig, G. G. Mittelbach, J. L. Valiulis, and S. R.
Schaack. 1999. The effects of fish on assemblages of amphib-
ians in ponds: a field experiment. Freshwater Biology 41:829–
837.
Smith, L. L., W. J. Barichivich, J. S. Staiger, K. G. Smith, and C. K.
Dodd. 2006. Detection probabilities and site occupancy esti-
mates for amphibians at Okefenokee National Wildlife Ref-
uge. American Midland Naturalist 155:149–161.
Sosa-Villalobos, C., M. del R. Castañeda-Chávez, I. A. Amaro-
Espejo, I. Galaviz-Villa, and F. Lango-Reynoso. 2016. Diagno-
sis of the current state of aquaculture production systems with
regard to the environment in Mexico. Latin American Journal
of Aquatic Research 44:193–201.
Turek, K. C., M. A. Pegg, and K. L. Pope. 2015. Experimental eval-
uation of Rainbow Trout Oncorhynchus mykiss predation on
longnose dace Rhinichthys cataractae. Ecology of Freshwater
Fish 24:600–607.
Turek, K. C., M. A. Pegg, K. L. Pope, and S. Schainost. 2016.
Potential population and assemblage influences of non-native
trout on native nongame fish in Nebraska headwater streams.
Ecology of Freshwater Fish 25:99–108.
Tyler, T., W. J. Liss, L. M. Ganio, G. L. Larson, R. Hoffman,
E. Deimling, and G. Lomnicky. 1998. Interaction between in-
troduced trout and larval salamanders (Ambystoma macro-
dactylum) in high-elevation lakes. Conservation Biology 12:
94–105.
Vimos, D. J., A. C. Encalada, B. Ríos-Touma, E. Suárez, and
N. Prat. 2015. Effects of exotic trout on benthic communities
in high Andean tropical streams. Freshwater Science 34:770–
783.
Welsh, H. H., K. L. Pope, and D. Boiano. 2006. Sub-alpine am-
phibian distributions related to species palatability to non-
native salmonids in the Klamath mountains of northern Cal-
ifornia. Diversity and Distributions 12:298–309.
Wilson, L. D., J. D. Johnson, and V. Mata-Silva. 2013. A con-
servation reassessment of the amphibians of Mexico based on
the EVS measure. Amphibian and Reptile Conservation 7:97–
127.
396 | Trout effects on Mexican amphibians A. B. Estrella Zamora et al.
This content downloaded from 174.105.205.100 on May 16, 2018 12:56:31 PM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).
